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Polycarbosilane appearing as a momentous precursor in preparation of silicon carbide 
ceramics and fibers owns many idiographic rheological properties because of its low 
molecular weights and high polydispersion index values. The conventional rheology 
theories are established based on two extremes, high polymers or small molecules. Limited 
information is available for such oligomers as polycarbosilane. It is, therefore, very helpful 
to conduct an investigation in rheological properties of polycarbosilane in order to better 
control melt-spinning process which is commonly applied for producing silicon carbide 
ceramics and fibers. 
This work was carried to systematically study the rheological and steady-state 
properties of polycarbosilane. Before each rheological measurement, the 
high-temperature-distillation and heating-in-vacuum methods were applied to pretreat 
polycarbosilane in order to remove low molecular weight components and small bubbles 
generated during the heating process, through which different molecular weights of 
polycarbosilane samples ranging 1170~1350 g/mol were obtained. 
The rheological testing results showed that polycarbosilane melt exhibited complex 
nonlinear time-dependent behaviors. The shear stress decreased with an increase of shear 
time when the shear rates were 0.01~3 s-1, indicating typical thixotropy; oppositely, the 
shear stress increased with a decrease of shear time when the shear rates were 5~100 s-1, 
implying typical anti-thixotropy. However, when the shear rates were 3~5 s-1, the shear 
stress varied less dependent on time, appearing a transition change from thixotropy to 
anti-thixotropy. 
The steady-state rheological testing results revealed that an obvious shear shinning 
phenomenon was observed from the polycarbosilane melt which is similar to conventional 
high polymers. However, the experimental measurements used to obtained viscosity curves 
of high polymers were not applicable for viscosity measurements of polycarbosilane. Due 
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to its noticeably lower molecular weights, the apparent viscosity of polycarbosilane melt 
would be more susceptible to experimental conditions, in particular, more strongly affected 
by temperature, shear rate, molecular weight and previous shear history. 
The dynamic rheological measurements of polycarbosilane melt were preliminarily 
investigated by performing large amplitude oscillatory tests. It was demonstrated that 
lower temperatures or higher molecular weights resulted in the larger values of storage 
modulus and loss modulus, implying that the elastic and viscous properties of 
polycarbosilane melt are enhanced. The values of loss factor increased simultaneously and 
the peak position shifted to higher frequency region, suggesting that more complete phase 
change from solid to melt occurs at smaller complex viscosity. 
 














































































图 1-1 毛细管流变仪的基本构造示意图 



































图 1-2 常用夹具结构示意图 
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                （1-2） 
式中，ω 为振动频率，G 为 Maxwell 模型中弹簧的模量，G’(ω)为储能模量，G”(ω)
为损耗模量，η’(ω)为动态损耗粘度，η”(ω)为动态储能粘度，λ为松弛时间。 
复数模量 G*(ω)表示物质抵抗剪切形变的能力，定义为[6]： 
( ) ( ) ( )G G iGω ω ω∗ ′ ′′= +                        （1-3） 
损耗角正切 tan δ(ω)为： 
tan ( ) ( ) / ( )G G∗ ′=δ ω ω ω                           （1-4） 
复数粘度 η*(ω)表示物质抵抗动态剪切流动的能力，定义为： 
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